We conduct a spectroscopic search of quasars observed by the Sloan Digital Sky Survey (SDSS) with broad absorption line (BAL) troughs due to Mg ii and troughs due to Fe ii that simultaneously exhibit strong Balmer narrow emission lines. We find that in a redshift range of 0.4 ≤ z ≤ 0.9 approximately 23 of the 70
Introduction
Mass outflows in quasars, seen as blueshifted broad absorption lines (BALs), have recently become a plausible explanation for quasar feedback (e.g., Faucher-Giguère et al. 2012 ). Feedback has been invoked to explain several phenomena such as the M−σ relationship for supermassive black holes (SMBH) and their host galaxies (e.g., Silk & Rees 1998; Di Matteo et al. 2005) as well as the quenching of star formation in the host galaxy (e.g., Hopkins et al. 2013; Dubois et al. 2013) . The recent advancement is due in large part to studies of a subclass of BAL quasars that exhibit absorption troughs from both resonance and metastable state lines of low ionization species, namely from Fe ii and Fe ii* (i.e., FeLoBALs; Korista et al. 2008; Moe et al. 2009; Dunn et al. 2010; Bautista et al. 2010 ) and in one case from high ionization lines (S iv and S vi*; Borguet et al. 2013) . The combination of these lines with photoionization modeling yields the density and therefore the distance and energy output of the outflows. These observational results have led to recent work to explain the physical mechanisms behind the driving of the gas (e.g., Ostriker et al. 2010; Debuhr et al. 2010; Silk & Nusser 2010) .
Unlike the more common high ionization BALs, which demonstrate strong absorption due to C iv and appear in approximately 20% of all quasars (Knigge et al. 2008; Hewett & Foltz 2003) , low ionization absorption troughs due to species like Mg ii (LoBALs) and Fe ii (FeLoBALs) are relatively uncommon in optical spectral surveys (e.g., White et al. 2000; Hall et al. 2002; Silk & Nusser 2010) . Furthermore, many LoBALs (Zhang et al. 2010 ) and FeLoBALs (Weymann et al. 1991; Sprayberry & Foltz 1992; Reichard et al. 2003 ; Urrutia et al. 2008 ) display signs of large color excess due to dust extinction. The extinction commonly observed in these objects appears to be best described by a Small Magellanic Cloud (SMC) extinction curve (Richards et al. 2003; Hopkins et al. 2004 ). The combination of rarity and reddening properties of these objects has led studies to postulate -4 -about their relevance in quasar evolution. One plausible scenario is that FeLoBALs are normal BAL quasars with a specialized sight-line that grazes the edge of the putative dusty torus (see Hall et al. 2002) . This simultaneously explains the strong reddening present in many objects and provides a source of opacity that decreases the ionizing flux impinging on the outflowing gas allowing for clouds to form singly ionized species (see Dunn et al. 2010 and references therein). An alternative scenario suggests that FeLoBALs represent an evolutionary state during a quasars lifetime (Egami et al. 1996; Becker et al. 1997; Hopkins et al. 2008; Urrutia et al. 2008; Glikman et al. 2012) where the quasar sheds its obscuring dust and gas. The dust source during this process could provide reddening at any distance from the nucleus.
While recent studies of FeLoBALs have determined distances for these outflows, the radial location of the dust source is unknown. This was especially relevant in the object QSO0318−0600, where we accurately determined the density of the outflowing gas due to the presence of troughs from metastable, excited-state lines (Fe ii, Si ii, and Ni ii).
Combining the density with photoionization modeling yielded a radial distance of several kiloparsecs from the nucleus for the outflowing material. Other studies have shown that large distances such as this appear in several FeLoBAL objects (e.g., SDSS J0838+2955; Moe et al. 2009 ). Like many FeLoBALs, QSO0318−0600 is an extremely reddened quasar (see discussion in Dunn et al. 2010) , where the impact of the dust on the full spectral energy distribution (SED) is significant. Thus, should the dust source be located between the outflow and the nucleus (similar to the torus scenario) then the ionizing flux reaching the outflowing gas would be severely diminished. This uncertainty in dust location affects the distance determination and in turn the determined energy output by up to a factor of 4.
We take the first steps to ascertain the radial location of dust in a sample of FeLoBALs, which has implications for the generation of low ionization species. We begin by discussing -5 -the method for spectral analysis in §2 and determine the respective sample for this method in §3. In §4, we determine and compare the continuum and emission line reddenings for the objects, which provides the radial locations of the dust sources. Finally, we summarize the findings and discuss the implications in §5.
Diagnostic Tool to Determine Radial Location
As mentioned earlier, the sources of dust in LoBAL and FeLoBAL quasars could exist in two different radial distance regimes, either interior or exterior to the outflowing gas with respect to the nucleus. To explain the commonly observed reddening in FeLoBALs, we assert logically plausible sources for the dust. For example, given the unified model of active galactic nuclei (AGN, Antonucci & Miller 1985; Urry & Padovani 1995) , a grazing sightline past the edge of the torus in the vicinity of the AGN provides the observed reddening, which we refer to as scenario 1. The dust torus would provide the simplest simultaneous explanation for the reddening and the necessary decrease in ionizing flux required to generate low ionization species in these types of outflows. Other structures do exist such as nuclear dust spirals observed in spatially resolved low-z quasars and Seyfert galaxies that could potentially provide a reddening near the nucleus. In scenario 2, a source not necessarily associated with the AGN such as a galactic dust lane at kpc scale distances is the cause of the reddening. Without spatially resolved imaging of the host galaxy we cannot distinguish which specific structure is present, but we are able to determine whether the dust source lies close to the nucleus or at galactic distances.
Observationally, the torus in scenario 1 would redden both the continuum source and the broad emission lines (BELs) that arise from the broad line region (BLR) close to the accretion disk-SMBH system. By comparison, the narrow emission lines (NELs), which are generated in the narrow line region (NLR) at a much larger distance (100s of parsecs in -6 -typical quasars; Peterson 1997), would remain unextincted much like the work on Seyfert 1.8 and 1.9 galaxies by (Trippe et al. 2010 ) and on the Seyfert 1 galaxy MCG−6 − 30 − 15 by (Reynolds et al. 1997) ). In the second scenario, a large structure at a galactic scale would redden the continuum, BLR, and NLR by approximately similar amounts. Furthermore, a structure at kpc scale distances would be statistically unlikely to cover only one of the two AGN components. Thus, direct comparison of the continuum and NLR reddening demonstrates whether the reddening occurs interior (scenario 1) or exterior (scenario 2) to the NLR. A similarly reddened NLR compared to the continuum (i.e., E(B−V) N LR ≈ E(B−V) cont ) suggests that the dust lies exterior to the NLR and cannot be explained by a dust torus. A reddening value of the continuum significantly larger than that of the NLR implies that the dust is in the vicinity of the AGN and is likely associated with the dust torus.
It is important to note that the BELs should be as reddened as the continuum in either scenario, as the BLR lies interior to the torus. Ideally we would use the emission ratios of the Balmer BELs in conjunction with the NELs to determine if scenario 1 applies. However, it has been shown that BEL line ratios in AGN are not well described by case-B recombination in some objects (e.g. Kwan & Krolik 1981; Korista & Goad 2004) . This primarily stems from high densities associated with the BLR region, which leads to radiative transfer and collisional effects that impact the description of recombination present in the gas. Because measurements of the Balmer decrement of BELs are potentially poor approximations of the extinction, we only compare the extinctions of the continuum source and the NEL.
Unlike the BELs, the NELs are adequately described by case-B recombination as the number density is significantly lower (10 4 cm −3 < n H < 10 6 cm −3 ), which implies that the case-B approximation is valid (Osterbrock & Ferland 2006) . Furthermore, the ratio of Hα -7 -to Hβ only spans the range 2.74−2.86 (due to density) at temperatures of approximately 10,000K, implying that the ratio is relatively insensitive to temperature differences.
Assuming case-B, the reddening is defined as:
where R Hα and R Hβ are the values of the SMC reddening curve at Hα and Hβ, respectively, and f Hα and f Hβ are the peak fluxes of the emission lines. We use 2.76 as the intrinsic Balmer ratio as determined by case-B recombination (Osterbrock & Ferland 2006 3. Survey
Sample Selection
To employ the method outlined in Section 2, we require a sample of quasars that demonstrate FeLoBAL troughs as well as strong narrow line Balmer emission. To obtain the largest number of objects, we utilize the Sloan Digital Sky Survey (SDSS) spectroscopically observed quasars (Richards et. al 2009) through Data Release 7 (DR7, Schneider et al. 2010) . Quasar spectra in the SDSS-III catalog are unusable for this study as the spectra in that catalog are not accurately flux calibrated (Dawson et al. 2013) . We access and download the calibrated spectra through the online Catalog Archive Server (CAS).
We limit our search primarily by redshift. Next, we plot and visually inspect these spectra for blueshifted Mg ii and Fe ii BALs.
To reduce the search time we examine spectra for Fe ii troughs in those objects that contain
Mg ii BALs; previously these troughs have only been observed in objects that show Mg ii absorption, which is typically easier to identify. We define BALs here to be any intrinsic absorption troughs in the quasars spectrum (i.e., outflowing gas ejected by the AGN, see Barlow & Sargent 1997) . Zhang et al. (2009) suggested that a velocity width of 1600 km s −1 simultaneously maximizes the frequency of which BALs are intrinsic outflows and also maximizes completeness of a BAL sample. To this end, we only include objects with contiguous trough widths greater than 2,000 km s −1 . A width of 2,000 km s −1 is similar to the Absorption Index (AI) method used in Trump et al. (2006) and Hall et al.(2002) .
A width of 2,000 km s −1 is also sufficient to blend the two members of the Mg ii doublet and facilitate visual inspection. This provides a conservative lower limit on objects with intrinsic absorption. Comparing to the Zhang et al. determinations, our sample is complete to slightly less than 75%, but over 90% of the objects are bona fide outflows tied to the quasar. Quasars in the lower redshift ranges only provide minimal velocity coverage of the UV 3 Fe ii multiplet (≈λ2600). For the redshift range of 0.45−0.50, we detect only those BALs at low velocity (v∼6000 km s −1 at z=0.50) and obtain only a lower limit on the -9 -number of objects with Fe ii BAL troughs.
The last criterion we impose on the sample is to select objects with Mg ii and Fe ii peak intensity must be distinguishable from the BEL (i.e., at least 3 σ above the noise level at the BEL peak).
Survey Objects and Properties
In our sample, we find 70 Figure 2 displays the SDSS spectra of these 4 objects (and 1 additional object explained below). The Mg ii and Fe ii BAL troughs are evident in these spectra. Furthermore, in all 4 cases, we find evidence of troughs due to excited, metastable state lines of Fe ii. We list the SDSS identifiers, r' magnitudes, and redshifts for all 70 of the BAL quasars in Table 1 and indicate which objects in the sample show troughs due to Fe ii and strong narrow Hβ emission. Of the 4 FeLoBALs with detectable Hβ emission, only SDSS J 0802+5513 also has a detectable Hγ narrow emission line. -12 -
We also include in our study the object SDSS J0149−1016 (R.A. 01:49:06.736, decl.
-10:16:49.27). While this object has a redshift of 0.364 and is therefore not included in our search statistics, we have a Magellan Inamori Kyocera Echelle (MIKE) spectrum of this quasar (also shown in Figure 2 ). MIKE is a high throughput double echelle spectrograph (for details see Bernstein et al. 2003) . The spectrum was taken on Sept. 15, 2006 and has been reduced with the standard MIKE Interactive Data Language (IDL) reduction tools.
The continuum flux levels agree with the SDSS spectral observation (Sept. 22, 2001 ).
SDSS J0149−1016 was observed with a high resolution spectrograph with the intent of determining the outflow's radial distance. This work is still in progress. In the meantime, this spectrum provides an excellent opportunity to compare the reddening determinations from the combinations of Hα, Hβ, and Hγ NELs with the continuum as the MIKE spectrum has a larger spectral range (∼3600−9300Å) than SDSS that provides coverage of the Balmer series as well as the Mg ii BAL and Fe ii absorption troughs (see Figure 1 ).
To strengthen the continuum reddening determinations in §4, we complement the SDSS spectra with data from the 2 Micron All Sky Survey (2MASS; Skrutskie et al. 1997 ). These IR data provide a longer baseline for the reddening determinations. We use a matching radius of 3 ′′ and obtain the J, H, and K magnitudes for each object. We list the 2MASS magnitudes for the sample in Table 1 . The uncertainties for 2MASS data are typically 0.10−0.15 magnitudes.
Reddening Determinations

Continuum Reddening
We use the SDSS spectra to determine the continuum reddening rather than SDSS photometry because the combination of varying BEL emission line fluxes, and more -13 - Fig. 2b . − Cont. Glikman et al. (2012) .Thus, any large deviation from the composite SDSS spectrum is likely due to dust extinction.
We de-redden each LoBAL spectrum in the sample by the SMC curve to match the continuum levels of the SDSS composite spectrum. We complement the SDSS spectrum with 2MASS photometry, when available, which provides data over a larger wavelength baseline that are less affected by reddening for the fit. The best fit is determined by matching regions of continuum between the two spectra shortward of approximately 5000 a. Due to the differences in the intrinsic continuum slope, presence of emission lines, and various depths and velocities of the BALs, we determine fits via visual inspection. While these fits are subject to the possiblity of host galaxy contamination in the quasars' spectra, a lack of strong stellar absorption troughs in the restframes of the quasars suggests that the host galaxy contributions are relatively small. We derive limits on uncertainty from Table 2 . Regarding SDSS J0149−1016, because we have the Magellan MIKE and SDSS spectra we measure the continuum reddening for both. We list the SDSS measured value (0.10±0.02) in Table 2 and find a consistent value from the Magellan spectrum of 0.11±0.03.
As stated in Section 2, the AGN SED slopes likely have a Gaussian distribution centered around the slope of the average spectrum. This implies, especially in a sample of non-BAL objects, that a fraction of the objects will have bluer slopes than the SDSS composite spectrum. We observe this in a small, randomly selected subset of non-BAL quasars using our fitting technique as a negative E(B−V) Q , which suggests that these objects have little or no reddening. Similar to the non-BAL quasars, we only find a few objects in the LoBAL sample with appreciable negative E(B−V) Q values. We summarize the relative percentages of LoBALs in several reddening ranges in Table 3 . Approximately poor fit to the UKIDSS data for SDSS J1344+3317 is plausibly due to a 10% decrease in flux of the object in the time span between the observations (approx. 2 years) given the similar slopes.
-17 -
NLR Reddening
To determine the reddening of the hydrogen NELs, we first normalize the continuum and the BEL (as we do not require any physical information from the BLR, see §2) with a spline fit and subtract the fit to isolate the NEL. Using the [O iii] λ5007 emission line as a template for the NEL, we scale the template to match the normalized hydrogen NELs (as demonstrated in Figure 4 for SDSS J0802+5513). We use this template primarily to determine the portion of the total emission profile that is due to the NEL and to also account for any asymmetries in the line profile commonly found in NELs such as multiple peaks (e.g., SDSS J1344+3317) and asymmetric blue wings (Heckman et al. 1981; Greene & Ho 2005; Komossa et al. 2008) . We do not model the lines with Gaussian fits, which would require several fits that do not yield any physical information. To determine the measurement uncertainties, we add the average flux uncertainty percentage across the peak of the line with the continuum determination uncertainty (approximately 3%). These are listed in Table 2 .
For SDSS J0149−1016 (also shown in Figure 4 ), there are three important features.
First, we fit Hα, Hβ, and Hγ due to the broader spectral coverage. Second, this object also shows structure in the narrow emission lines, seen in both the [O iii] doublet λλ4959, 5007
and Balmer series. Finally, this object shows blueshifted Balmer absorption troughs, which implies a high density for the outflowing gas (see §5 for further discussion of the physical implications). In the measurements of the emission features, the absorption troughs are important as they directly impact the blue emission wing for fitting. Therefore, our matches are primarily compared to the red wings and peaks of the emission lines.
In the case of SDSS J1632+4204, we are unable to generate an adequate template for the NEL. As previously identified in Section 3, the only object in the SDSS survey that exhibits a measurable narrow emission line from Hγ is SDSS J0802+5513. To determine the NLR reddening values in the remaining two objects with measurable Hβ emission lines, we use the template to determine the upper limit of Hγ emission based on the statistical error of the data (similar to the method used in Dunn et al. 2010 for determining absorption trough limits). We compare a scaled emission line template to the continuum region where the line -19 -would be detected. We maximize the scale to match the amount of noise present in the spectral region, which provides the largest possible amount of emission present from Hγ.
We show this for SDSS J1344+3317 and SDSS J2107−0620 in Figure 5 . Both objects show some signs of a weak and noisy Hγ line, but we conservatively list these measurements as limits. Finally, we list the E(B−V) N LR determinations and limits for these two objects in Table 2 for each object in the sample. No boxcar smoothing was applied to the [O iii] template for this object, as the emission lines in this object are free of telluric contamination. Right: Plot for SDSS J2107−0620. Unlike with SDSS J1344+3317, we boxcar smooth the oxygen line profile by a factor of 3 as the line is much noisier in this object's spectrum. Also peculiar in this spectrum, the oxygen line appears to be shifted by approximately 2Å from the Balmer lines, but does not affect the overall determined ratio.
While the major focus of this study pertains to FeLoBALs due to the recent distance determinations for the outflows of this type and the problems associated with reddening, we have also measured the NEL reddening for the regular LoBALs using the techniques listed above for the FeLoBALs. We list the values of E(B−V) N LR for the LoBALs in Table 2 .
Reddening Comparisons
Many studies of NEL/BEL/continuum reddening in AGN (e.g., Reynolds et al. 1997) compare hydrogen column densities (N H ) between components of the unified model.
However, Maiolino et al. (2001) showed that the E(B−V)/N H ratio ranges by two orders of magnitude depending on the type of dust in the object. It has also been shown Hall et al. 2004 ) that while the reddening curves in many AGN are best fit by an SMC curve, in extreme cases of reddening the continuum is not well fit at short wavelengths. This disparity potentially affects any dust column density determinations.
Thus, we directly compare E(B−V) values between the AGN components.
Comparing the values for the FeLoBALs in Table 2 , we find that three objects show suggests that the reddening sources in LoBALs exist at larger distances than their NLRs.
To illustrate the relationship, we plot in Figure 6 the continuum reddening against the NLR reddening for both the LoBAL and FeLoBAL quasars in the entire sample. The plot shows a significant agreement between the two reddenings determinations for both populations of quasars. This nearly 1-to-1 relationship supports scenario 2 for the physical picture for the quasars in this sample.
Summary and Conclusions
We FeLoBAL subsample clearly have a large fraction of objects with significant continuum reddening (∼23% with E(B−V) Q ≥ 0.1 for Mg ii BALs and 4 Fe ii objects or ∼23% with
From measurements of the reddening of the continuum and narrow line region, we find that three FeLoBAL quasars (out of 5 total objects, 4 from our sample and one additional quasar with a Magellan MIKE spectrum) have reddening sources that must exist radially exterior to the NLR from the AGN and are not directly tied to the dust torus. Due to telluric contamination, the Hβ Balmer emission in one object (SDSS J1632+4204) cannot be measured. Although the final object shows NLR reddening that is consistent with a radially exterior source, due to relatively low reddening (E(B−V) Q ≈0.1) and significant -23 -uncertainties in the emission line fits, we cannot conclusively state which physical picture applies. Also, as strong NELs do not appear to be ubiquitous to FeLoBALs, these objects could potentially be inherently different from the general population.
Given that every measurable object in the FeLoBAL sample has a similar physical picture, the findings hint that the reddening frequently observed in FeLoBALs is due to a source situated outside of the outflow from the AGN. In studies of FeLoBALs, (e.g., Moe et al. 2009; Dunn et al. 2010; Borguet et al. 2013 ) the outflow distance determinations have all yielded distances of several kpc. Because the objects in our FeLoBAL survey all suggest that the dust is located radially exterior to the outflow, the dust would likewise exist at kpc scale distances (assuming these objects are similar to previously studied FeLoBALs).
A simple explanation for a host of the dust would be the outflows themselves. This could be further evidence that FeLoBAL quasars are evolutionary states of disrupted systems associated with major galaxy mergers as suggested by Glikman et al. (2012) and others.
In the case of SDSS J0149−1016, should the dust lie at a galactic scale, the implied outflow distance is likely significantly smaller than other measured FeLoBALs. This distance is implied by the presence of hydrogen Balmer line troughs, which are uncommon in BAL quasars. Hydrogen Balmer absorption typically suggests a rather large number density (albeit this depends on the ionization state of the gas). Thus, the dust would not arise due to the outflow but due to a source beyond the NLR such as a galactic dust lane or a nearby dwarf galaxy not associated with the outflow itself in at least this one object.
We have also examined the continuum and NLR reddening values in the larger sample LCH acknowledges additional support from the Kavli Foundation, Peking University, the Chinese Academy of Sciences, and the Carnegie Institution for Science.
-25 - e BALs with narrow Hβ emission lines.
-31 - c Spectrum too noisy for acurate measurement.
d Used Hβ for line template.
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